The flow resistance of breathing circuits increases dramatically with a reduction in the internal diameter (i.d.) of tubing. The resistance may be expected to be particularly great in tracheal tubes and connectors designed for use in neonates. This study compares the dimensions and resistances of neonatal tracheal tubes and connectors used commonly in the United Kingdom for flow rates thought to occur in babies breathing quietly.
METHODS
The pressure gradient across the tube (of 12 cm length) or connector was' measured using a bluntended metal needle connected to an industrial draught gauge (Combustion Instruments Ltd, Model S706/A) ( fig. 1 ). The pressures were measured at airflows of 1-5 litre min" 1 and were delivered to the tube or connector from an accurate flowmeter (Rotameter Mfg Co. Series 1100: accuracy ±2% indicated + 0.3% F.S.). I.d. and o.d . of the components studied were measured with a micrometer. The mean value from measurements from five tubes of each size were recorded.
RESULTS

Tracheal tube connectors (table I, fig. 2)
There was no significant difference in the resistance (measured from the patient to the apparatus end) of the smallest connectors studied, apart from the Penlon curved connector. This has a small i. patient end and a sudden change in diameter and a change in direction at the machine end. Small differences in shape had little effect on resistance which increased with flow, indicating that a degree of turbulence occurred even at the smallest flow studied. The 3.0-mm Oxford connector had less than half the resistance of a similar 2.5-mm connector at all flow rates, but it still showed some evidence of turbulent flow at the flow rates studied.
Plain tracheal tubes (tables II-V)
Measurements of 2.5-mm, 3.0-mm and 3.5-mm tubes (table II) the rubber tubes was greater than that of the Portex tubes because the greater wall thickness produced a smaller lumen. The resistance of 2.5-mm, 3.0-mm and 3.5-mm i.d. Jackson-Rees tubes (tables IV, V; fig. 3 ) measured between one side of the wide-bore cross arm and the tracheal end, with the other side and the suction port blocked off (group a), was substantially greater than that of plain Portex tubes of the same size, with more turbulence, even when connectors were attached to the latter. The resistance of Jackson-Rees tubes measured between the suction inlet and the tracheal end, with both sides of the wide-bore cross arm blocked (group b) was between that of plain Portex tubes of the same size with and without connectors. (table VI) The tracheal portion of the smallest Great Ormond Street (GOS) tracheostomy tube had a larger o.d. (5.3 mm) than the Portex infant tracheostomy tube (4.5 mm). When the resistance was calculated from the pressure decrease across each, without any connectors attached it was found to be acceptably small at flow rates up to 5 litre min" 1 . However, it was only possible to attach a small connector (3.0 mm i.d.) to the Portex tracheostomy tube, though a larger connector (5.4 mm i.d.) could be attached to the GOS tube. When the resistance of both tubes was measured with the appropriate connector attached to each it was much greater with the Portex tube than with the GOS pattern tube. Cole pattern tubes (table VII) Measurements of the inside and outside diameters showed that the 8 f.g. tubes were smaller than any commercially available plain tube. The smallest tube i.d. was 1.4 mm. Airflow through the tubes was almost entirely turbulent at all flow rates and resistance was very great. The resistance of the Rusch 8 f.g. tube at 3 litre min" 1 was almost 10 times that of the Rusch 10 f.g. tube.
Tracheostomy tubes
The wall thickness of the tracheal end of the Cole tubes was found to be more variable than that of plain tubes; mean i. (fig. 4) .
DISCUSSION
The flow rates used in this study were those found to occur in babies breathing quietly (Proctor, Hardy and McLean, 1950) . Peak flow rates up to 15 litre min" 1 may be produced by the newborn when crying (Long and Hull, 1961) . During quiet breathing, a reduction in i.d. and a sudden change in the direction of the endotracheal tube or change in diameter are the important factors contributing to turbulent flow and resistance. Differences in shape between the endotracheal connectors studied (table I) did not alter resistance significantly. The 3-mm Oxford connector, which can be forced over a 2.5-mm tracheal tube with difficulty, has a much smaller resistance than all the others studied. The effect of a sudden change in diameter was seen in the Cole tubes (table VII) and in the addition of connectors to plain tracheal tubes, even when the internal diameter of the connector was not smaller than that of the tube. The addition of a connector to a tube reduced the bore of the total assembly only for 3-mm and 3.5-mm rubber tubes (table V). The resistance of the smallest tubes and their connectors increased with flow, indicating turbulence even at the lowest flow rates studied.
The wall thickness of the rubber tracheal tubes varied to the extent that overlap may occur between the o.d. of different nominal sizes within the draft recommendations of the British Standards Organisation (table III) . For example, the maximum recommended outside diameter (o.d.) of the 2.5-mm tube is 4.55 mm and the minimum recommended for the 3.0-mm tube is 4.25 mm. Although no 2.5-mm tube was found to have a larger o.d. than any 3.0-mm tube, some 2.5-mm and 3.0-mm tubes were found to have identical outside diameters. When rubber and Portex tracheal tubes of similar o.d. were compared, the greater wall thickness of the rubber tube reduced the lumen by approximately 0.5 mm. Rubber tracheal tubes are not used currently in intensive care units, but may be used for neonatal anaesthesia. Since this is likely to involve IPPV, the resistance of the tube is less important. When Jackson-Rees tubes are used in neonates breathing spontaneously it has been customary for breathing to occur through the wide-bore cross arm. However, this involves two changes in direction and one change in diameter, with a consequent increase in turbulence. In order to reduce flow resistance, the spigot should be removed from the suction port and the neonate should breathe through this part of the tube. However, this may impair control of the inspired oxygen concentration and humidification and these factors may be regarded as more important than resistance.
Cole tubes were designed with a short narrow segment to reduce resistance (Cole, 1945) . Unfortunately, the change in diameter and a greater wall thickness causes a higher resistance than in plain tubes of similar o.d. There is no plain tube of size comparable to the 8-f.g. Cole tube, but the resistance of this tube is high, especially when there is a large change in diameter between tracheal and apparatus portions. Such changes in diameter have been recommended in the latest draft proposals of the International Standards Organisation. Cave and Fletcher (1968) have discussed the acceptable resistance for a neonatal tracheal tube. They compared the resistance of the tube with that of the upper airway, to estimate if the tube would increase the work of breathing. Little is known about upper airway resistance in neonates, and it may not be safe to assume that the larynx contributes the same relatively small proportion of the overall airway resistance as in the adult (Ferris, Mead and Opie, 1964) . In the newborn, nasal resistance is about 40% of the total, but varies from 20 to 70%. Absolute values range from 6 to 20 cm H 2 O litre" 1 s (Polgar and Kong, 1965) . Thus it seems unlikely that tracheal tubes of 3.0 mm i.d. and larger will cause a significant increase in the work of breathing, even with connectors attached. On the other hand, 8-f.g. Cole tubes may do so, and their use in babies breathing spontaneously should be avoided. The acceptability of 10-f.g. (2.0-mm i.d.) Cole or 2.5-mm i.d. plain tubes for spontaneous breathing is debatable. The author's view is that the former should not be used and the latter only for short periods under close supervision. If a 2.5-mm i.d. tracheal tube is used it should be either of the plain Portex type with a 3-mm straight connector or of the Jackson-Rees type with the spigot removed. Factors such as the provision of adequate humidity will influence the final choice. A reduction in internal diameter as a result of tracheal secretions will increase resistance markedly, and the possibility that the work of breathing will be reduced by removal of the tube should be considered. 
TUBES ET RACCORDS TRACHEAUX UTILISES SUR LES NOUVEAUX-NES-DIMENSIONS ET
TUBOS Y CONECTORES TRAQUEALES UTILIZADOS EN NEONATOS-DIMENSIONES Y
RESISTENCIA A LA RESPIRACION
SUMARIO
Se midieron los tubos traqueales y conectores en uso corriente, juntamente con la resistencia a la respiracion a velocidades de circulacidn en bebes que respiraban silenciosamente. Los diametros exteriores de los tubos de goma variaron mas que aquellos de los tubos de plastico. Los factores principales que influenciaron la resistencia fueron el diametro interior y un cambio repentino en el diametro o sentido de la circulation. Estos son de especial importancia en los tubos de 2,5 mm de diametro interior y menos, y podran causar un aumento en el trabajo de respiracion durante la ventilacion espontanea. La resistencia de los tubos pequenos de configuracion Cole fue mayor a la de los tubos sencillos de diametro exterior semejante.
